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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED

WATER-QUALITY UNITS

Multiply By
foot (ft) 0.3048
mile (mi) 1.609
million gallons (Mgal) 3,785
million gallons per day 0.04381
(Mgal/d)

To obtain
meter
kilometer
cubic meter

cubic meter per second

Abbreviated water-quality units: Chemical concentrations are reported in

milligrams per liter (mg/L).

Sea level: 1In this report, "sea level" refers to the National Geodetic
Vertical Datum of 1929--a geodetic datum derived from a general adjustment
of the first-order level nets of the United States and Canada, formerly

called Sea Level Datum of 1929.



SELECTED HYDROGEOLOGIC AND CHLORIDE-CONCENTRATION DATA FOR THE

NORTHERN AND CENTRAL COASTAL AREA OF NEW CASTLE COUNTY, DELAWARE

By Martha A. Hayes, Scott W. Phillips, and Judith C. Wheeler

ABSTRACT

This report summarizes and presents existing hydrogeologic and
chloride-concentration data from the northern and central coastal area of
New Castle County, Delaware. The report was prepared as an initial stage to
evaluate the effects that the proposed deepening of the main navigational
channel of the Delaware River would have on ground-water resources in
Delaware. The study area was defined on the basis of current and projected
ground-water usage from aquifers known or thought to be in hydraulic contact
with the Delaware River. The report includes maps that show the location of
the study area and associated geologic and hydrologic characteristics.
Tables listing hydrologic characteristics, water use, annual ground-water
withdrawals, and chloride~-concentration data for the study area also are
included.

INTRODUCTION

The U.S. Army Corps of Engineers (COE), Philadelphia District, is
evaluating the possibility of making improvements to the main navigational
channel. of the Delaware River. These improvements could include deepening
the channel from the existing depth of about 40 ft below mean-low water (MLW)
to about 45 ft below MLW, thereby extending navigable deep water from
Delaware Bay to Philadelphia, Pa., and Camden, N.J. Many public and private
ground-water supplies have been developed adjacent to the Delaware River in
the reach where channel improvements are being considered. There are
concerns that deepening the channel may adversely affect ground-water
supplies developed in the adjacent Coastal Plain aquifers of Delaware. The
Potomac aquifer system is of particular interest because it is the sole-
source ground-water supply for northern New Castle County. A previous study
(Phillips, 1987) has documented brackish-water intrusion from the Delaware
River into aquifers of the Potomac Formation in northern New Castle County.
The Magothy and Englishtown-Mount Laurel aquifers are sources of water in the
southern part of the county below the Chesapeake and Delaware Canal (C&D
Canal). Water quality in these aquifers and the Potomac aquifers could be
affected if channel deepening causes salinity in the river and the C&D Canal
to increase. Some of that water could infiltrate into adjacent aquifers,
causing an increase in chloride and sodium concentrations.



The amount of water infiltrating from the Delaware River into the
Potomac and other aquifers and the water‘’s subsequent effect on ground-water
quality is dependent on four factors: (1) the depth and distribution of the
aquifers relative to the river channel, (2) the nature of the sediments
overlying the aquifers where they extend under the river, (3) the direction
and magnitude of the hydraulic gradient between the aquifers and the river,
and (4) the salinity of the river water. Deepening the channel could affect
factors 2 and 4 above. Dredging could breach confining layers of fine-
grained relatively impermeable sediments under the river, which would provide
a conduit for river water to flow into underlying aquifers. Removing 5 ft of
bottom material from the river could cause higher salinity water to encroach
farther upstream in the river and the C&D Canal. If this water migrates into
the aquifers, it could eventually cause increased salinity in areas currently
experiencing brackish-water intrusion. Even without deepening the channel,
the hydraulic gradient between the river and aquifer (factor 3), which now is
from the river into the aquifer in many places, is likely to increase because
of higher rates of ground-water pumpage in New Castle County. Water-level
data for the aquifers that are needed to evaluate the hydraulic gradient are
presented in this report. Existing data related to factors 1 and 2 also have
been compiled in this report and are presented along with chloride-
concentration data (an indication of salinity) for the study area. This
study was done in cooperation with the U.S. Army Corps of Engineers.

Purpose and Scope

This report presents available hydrogeologic and chloride-
concentration data for the coastal area of northern and central New Castle
County, Del. Data for the depth and distribution of aquifers and confining
units, the aquifer and confining-unit sediments, water-level data within
aquifers, and existing salinity distributions in ground water and river water
are presented. Maps are provided to show the location of the study area and
its associated geologic and hydrologic characteristics. Tables list
information about the hydrogeologic characteristics, water use, annual
ground-water withdrawals, and chloride-concentration data for the study area.

Description of Study Area

The study area was defined on the basis of current and projected
ground-water usage from aguifers known or thought to be the uppermost aquifer
underlying the Delaware River. The study area lies in northern and central
New Castle County, Del., and is bounded approximately on the west by U.S.
Route 13, on the east by the Delaware River, on the north by the Christina
River, and on the south by the Appoquinimink River (fig. 1). These
boundaries were chosen to include the parts of aquifers where most of the
pumpage in this area of the State occurs. Topography is relatively flat to
gently rolling, with land-surface elevations ranging from sea level to about
80 ft above sea level. The area is underlain by unconsolidated sediments of
the Atlantic Coastal Plain Physiographic Province that form a wedge-shaped
deposit of highly variable permeability (Cushing and others, 1973). The
Coastal Plain sediments range in thickness from a few feet at the Christina
River to approximately 1,600 ft at the Appoguinimink River (Sundstrom and
Pickett, 1971).
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described in more detail in the following sections, from north to south in
order of subcropping. Particular emphasis is placed on the uppermost aquifer
directly underlying the Delaware River and its river-channel deposits.

The geology of the study area (fig. 3) and the available cross
sections of the river indicate that the Delaware River might cross outcrops
of the Potomac, Englishtown-Mt. Laurel, and Rancocas aquifers (Sundstrom and
Pickett, 1971; Frick and Shaffer, 1977; Phillips, 1987; Bachman and Ferrari,
1995). As shown in table 1, Holocene sediments of various thickness overlie
most of these geologic formations. The Potomac aquifers underlie the river
from about 3 mi northeast of Wilmington to about 4 mi southwest of New Castle
(fig. 1). The Englishtown-Mount Laurel aquifers underlie the river from
about 3 mi upstream of the C&D Canal to about 3 mi downstream of the canal.
The Rancocas aquifer underlies the river between the C&D Canal and the
Appoquinimink River. The Piney Point Formation consists of the Piney Point
aquifer (Cushing and others, 1973). The Piney Point aquifer is not a
significant source of water in the study area (Leahy, 1982). The Piney Point
aquifer is not in hydraulic connection with Delaware Bay (Cushing and others,
1973) and is not thought to be recharged by bay water.

Aquifers in the Potomac Formation

The predominantly fine-grained sediments of the Potomac Formation
were deposited by a stream system of coalescing alluvial fans and exhibit
considerable vertical and horizontal variability (Sundstrom and others,
1967). Several aquifers of highly variable transmissivity separated by
generally continuous confining units have been identified (Martin and Denver,
1982). Martin (1984) found that most of the recharge for the Potomac
aquifers occurred at or near the land surface where the aquifers crop out or
subcrop below the unconfined aquifer or a confining unit. Water in these
aquifers that is not affected by pumpage flows southeast and eventually
discharges into overlying sediments and the Delaware River (Phillips, 1987).

Previous workers have divided the Potomac Formation into a hydrologic
system with either two or three aquifers. Rasmussen and others (1957)
divided the Potomac Formation into lower, middle, and upper Potomac aquifers.
Sundstrom and others (1967) divided the Potomac Formation in the C&D cCanal
area into upper and lower aquifers. Woodruff (1985) agreed that most of the
Potomac Formation is characterized by two aquifers, but found evidence to
support the three-aquifer interpretation in some areas in New Castle County.
Martin (1984) and Phillips (1987) also identified three aquifers in the
formation and used them as a basis for a digital flow model of the Potomac
Formation in New Castle County. The three-aquifer interpretation is used in
this report (fig. 4).

Delineation of the lower Potomac aquifer north of the Delaware
Memorial Bridge is difficult because of the lack of data. Data from Duran
(1986) that were collected by use of marine seismic-reflection and electro-
magnetic-conductivity techniques indicate that, north-of the Delaware
Memorial Bridge, the Potomac Formation is mostly fine grained and consists
of relatively thin and discontinuous sand bodies. Analysis of these data
indicate that the lower Potomac aquifer underlies the river directly in some
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reaches from north of the Christina River south to the Delaware Memorial
Bridge (Phillips, 1987). In general, however, the lower Potomac is not a
productive aquifer in this part of Delaware. As a result, this aquifer is
not used for major ground-water withdrawals, and very little data exist.
For this reason, this aquifer is not discussed .in this report.

The middle Potomac aquifer is the most important water-producing
aquifer in the area between the city of New Castle and the Delaware Memorial
Bridge and is also the uppermost aquifer underlying the Delaware River in
this area (fig. 4). The structure contours for the top of the middle Potomac
aquifer for the entire study area are shown in figure 5. North of New
Castle, in the subcrop zone where recharge occurs, depth to the top of the
aquifer ranges from about sea level to about 120 ft below sea level. 1In this
area, the aquifer is overlain only by Columbia Group sediments and by thin
lenses of younger Potomac sediments. The middle Potomac aquifer underlies
the river at a depth of 100 to 152 ft below sea level at the Delaware
Memorial Bridge (fig. 6). The aquifer is continuous to the west, underlying
the ICI and Collins Park well fields. The sand unit labeled "Kp" in figure 6
underlies the ICI well field between 60 and 76 ft below sea level, and is
either part of the Potomac Formation or a paleochannel in the Columbia Group
(Phillips, 1987). Since the unit is in hydraulic contact with the Potomac
sand at thé Collins Park well field, it funcions hydraulically as part of the
middle Potomac aquifer.

The upper Potomac aquifer is the most important water-producing
aquifer between the city of New Castle and Red Lion Creek (fig. 4). The
structure contours of the top sukface of the aquifer in the study area are
shown in figure 7. A hydrogeologic .section (B--B‘) extending between the
area just north of Red Lion Creek eastward to New Jersey is shown in figure
8. The top of the upper Potomac aquifer at the west end of the section is 88
to 112 ft below sea level, with a thickness of approximately 20 ft. The
aquifer is not continuous beneath the river, but could be in hydraulic
connection with the river through the Columbia sand and gravel. The
confining unit over the Columbia is locally thin, especially near the New
Jersey coast.

Magothy Aquifer

The hydrology of the Magothy aquifer in and near its subcrop area
(fig. 9) is closely associated with the upper aquifer zone of the Potomac
Formation (Sundstrom and Pickett, 1971). According to Cushing and others
(1973), water in this aquifer is recharged south of the C&D Canal. Locally,
ground water flows north toward the canal; regional flow is south to downdip
parts of the aquifer system outside the study. area. The marginal-marine
sediments that compose the Magothy aquifer rest directly on the fluvial
sediments of the upper Potomac Formation. In the northern end of the dis-
tribution of the Magothy aquifer, where the aquifer‘s sands lie on the upper
sands of the Potomac aquifer, the two aquifers are hydraulically connected
and are considered a single aquifer in hydrologic treatment near the C&D -~
Canal (Sundstrom and Pickett, 1971). Farther to the south, where the
aquifers are more deeply buried, the Magothy Formation marine clay thickens
and the Magothy aquifer is more confined. The contours showing depth to the
top surface of the Magothy Formation are shown in figure 9.

12
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Englishtown-Mt. Laurel Aquifer System

The Englishtown-Mt. Laurel aquifer system is located within the
Matawan and Monmouth Groups (Sundstrom and Pickett, 1971; Groot and others, .
1983). Only the Englishtown (Matawn Group) and Mt. Laurel (Monmouth Group)
Formations are sufficiently permeable to be used as aquifers (table 1;
Bachman and Ferrari, 1995) and are in hydraulic contact with one another.
Over much of their extent in the study area, sediments of the Englishtown-Mt.
Laurel aquifer system are in hydraulic connection with the Columbia Formation
and Rancocas Group. Even the combined aquifer sediments are relatively thin,
and have not, historically, been a heavily exploited source of water.

Rancocas Aquifer

The Rancocas aquifer is comprised of the Rancocas Group sediments,
which include the Hornerstown and Vincentown Formations (Groot and others,
1983; Bachman and Ferrari, 1995). This aquifer reaches a thickness of
approximately 50 ft at the Appoquinimink River (Cushing and others, 1973).

In the study area, the Columbia Formation and Rancocas Group form a water-
table aquifer that is recharged in uplands and discharged to perennial
streams, including Drawyer Creek and the Appoquinimink River (Bachman and
Ferrari, 1995). Like the Englishtown-Mt. Laurel system, the Rancocas aquifer
has not been heavily exploited as a source of water, although, according to
historical records of water use (Sundstrom and Pickett, 1971), it .provides up
to 25 percent of ground-water withdrawals in New Castle County south of the
C&D Canal.

Confining Units Underlying the Delaware River

Information about the stratigraphy of the sediments under the Delaware
River is limited to seismic reflection records (Duran, 1986), drillers’ logs,
and geophysical logs taken during the construction of the Delaware Memorial
Bridge and the installation of powerlines across the Delaware Bay (Phillips,
1987), and a set of vibracores taken in the dredged channel by the COE in
1991. Cross sections and a map of the thickness of Holocene sediments in the
river were constructed by Phillips (1987, figs. 6, 8, and 10).

In the area investigated by Phillips (1987), geologic events during
the Pleistocene resulted in the erosion of Potomac Formation sediments in the
river channel and the deposition of the sand, gravel, and clay of the
Columbia Formation, which constitute the Columbia aquifer (table 1). Over-
lying sediments, deposited during Holocene time, are primarily silt and silty
sand that act as confining units, separating river water from the aquifers.
The thickness of the Holocene sediments underlying the Delaware River ranges
from less that 20 ft close to the current shoreline to more than 100 ft in
the Pleistocene paleochannel (fig. 10). Only generalized cross sections can
be constructed from available drilling and geophysical logs because of the
wide spacing between core holes and the highly variable nature of the
Holocene and Pleistocene sediments. Based on the cross sections shown in
figures 6 and 8, the confining unit underlying the river consists of Holocene
sediments and fine-grained clays of the Potomac Format-ion. In some places,
the Columbia Formation, which consists mostly of sand and gravel, is present.
The permeability of the Columbia Formation reduces the effectiveness of the
confining unit in preventing flow from the river into the underlying
aquifers.
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Table 2. Ground-water withdrawals, by water-use category, in northern
and central New Castle County, Delaware, 1985 and 1990

[Source: U.S. Geological Survey Aggregated Water-Use Database System

(AWUDS) |

Ground-water withdrawals

(million gallons)

Water-use category Percent
change
1985 1990
Public supply! 14.45 15.93 10
Domestic (self-supplied)? .70 1.96 180
Commerciall .15 .30 100
Industriall 6.71 6.30 -6
Livestock watering? .06 .08 33
Irrigation? .38 .42 11
Total 22.45 24.99 11
Total ground-water and fresh
surface-water withdrawals 74.26 88.00
Percentage of total withdrawals
from ground water 30 28

Reported withdrawals.
2 Estimated withdrawals.
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period--180 percent and 100 percent, respectively--whereas industrial
ground-water withdrawals decreased 6 percent from 1985 to 1990.

The principal aquifers that are used for water supply include the
Columbia Group, Rancocas, Magothy, Mt. Laurel, and Potomac Group. With-
drawals by aquifer for selected water users in the study area from 1988 to
1993 are shown in table 3. The Potomac Group aquifer supplied the most water
(over 17 Mgal/d) for the period of record. The least amount of water (0.05
Mgal/d or less) was withdrawn from the Rancocas aquifer.

Continued population growth and commercial and industrial development
in the study area are expected to result in increased water demand (Metcalf &
Eddy, 1991b). Increased demand could result in lower aquifer water levels,
and that could increase the potential for river-water intrusion into the
aquifers. Projected ground-water demand for selected water users in the
study area for the period 1995 to 2040 is shown in table 4. The data pre-
sented are from a water-supply plan report series prepared for the Water
Resources Agency of New Castle County and are based on projected growth and
present water-use trends. Estimates of potential reduction in future water
demand with the implementation of additional water conservation measures are
also shown in the table.

The largest ground-water public-water supplier in the study area is
the Artesian Water Company (AWC) (table 3), which has installed water-supply
wells in numerous locations. In 1993, total ground-water withdrawals by AWC
were about 16.77 Mgal/d. By the year 2040, AWC is expected to withdraw
nearly 26 Mgal/d, an increase of about 55 percent (table 4; Metcalf & Eddy,
1991b). It is estimated that implementation of water conservation measures
could reduce this increase to 25 percent. Ground-water withdrawals for
public supply by Delaware City are projected to increase 24 percent from 0.17
Mgal/d in 1993 to 0.21 Mgal/d by 2040. Most of this water demand will be for
residential use and will come from the Potomac aquifer system.

The town of Middletown supplied 0.41 Mgal/d of ground water to users
during 1993 (table 3)--83 percent from the upper Potomac aquifer and 17
percent from the Magothy and Mt. Laurel aquifers. By the year 2040, ground-
water demand for Middletown is expected to increase to 0.95 Mgal/d (table 4),
about 132 percent of current demand. With the implementation of conservation
measures, however, the percentage of water-demand increase could be reduced
to 75 percent (Metcalf & Eddy, 1991b). Water demand for the Townsend service
area was the smallest in the study area during 1993 (0.04 Mgal/d; table 3).
Projected water demand for 2040 is 0.06 Mgal/d (table 4)--a S-percent
increase over the period.

For self-supplied systems north of the C&D Canal, the majority of
water demand is for industrial and irrigation uses. Total water demand
(ground and surface water) was about 12.68 Mgal/d during 1993 (table 4).

By 2040, water demand is projected to be 14.28 Mgal/d without conservation
measures (Metcalf & Eddy, 1991b). With conservation, the demand could be
reduced to 13.79 Mgal/d. For self-supplied systems south of the C&D Canal,
total water demand for 2040 is projected to be 13.32 Mgal/d without con-
servation measures. Conservation measures could reduce demand to 10.86
Mgal/d.
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Table 3. Annual ground-water withdrawals, by aquifer, by selected water users in
northern and central New Castle County, Delaware, 1988-93

(Source: Delaware Department of Natural Resources and Environmental Control;
~- = data not available}
Ground-water withdrawals
Aquifer (million gallons per day)
Water user 1988 1989 1990 1991 1992 1993
Columbia Group
Artesian Water Company 0.30 0.32 0.14 0.28 0.39 0.36
DuPont Glasgow .23 .20 21 .16 -- .19
Getty Refining -- -- == .04 .04 --
ICI -= -- -- -- .55 .54
Julian -- -- -~ -- -- .24
Newark, City of 1.74 1.52 83 60 65 L 24
Standard Chlorine .02 .03 i8 .13 .15 .15
Aquifer total 2.29 2.07 1.36 1.21 1.78 1.72
Rancocas
Townsend .04 .04 .04 .05 .05 .04
Aquifer total .04 04 .04 .05 .05 .04
Magothy-Mt. Laurel
Middletown .10 .14 .16 .13 .10 .07
Van Wingerden Nurseries .02 .04 .02 .04 .04 .03
Aquifer total .12 .18 .18 .17 .14 .10
Potomac Group
Artesian Water Company  14.56 14.90 15.43 15.69 15.98 216.41
Delaware City .19 .18 .09 .10 .18 .17
Middletown .33 .25 .26 .31 .35 .34
Board of Water & Light .77 1.06 .89 .78 1.02 .81
Newark, City of .45 .48 .47 .52 .52 Loz
Star Enterprise .88 4.40 .60 4.00 4.00 3.57
Aquifer total 17.18 21.27 17.74 21.40 22.05 21.37

Surface-water supply (White Clay Creek) was activated December 1992,

2
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Amounts for 1988-93 estimated from Metcalf and Eddy (1991b, table 3.4, p.

3-9).
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CHLORIDE-CONCENTRATION DATA

Chloride concentrations are used as an indication of salinity levels
(Cohen, 1957). Chloride-concentration data are available from studies of
water quality in the Delaware River and of ground-water withdrawals in the
study area.

Dissolved Chloride Concentrations in the Delaware River

The term "salinity" refers to the total concentration of dissolved
salts in seawater (Bates and Jackson, 1987). Salinity is usually computed
from some other factor, such as chloride concentration or electrical con-
ductivity relative to normal seawater. In this report, chloride concen-
trations are used to indicate salinity.

Seawater has a chloride concentration of approximately 19,000 mg/L
(White, 1993). Water with chloride concentrations in excess of 250 mg/L
{U.S. Environmental Protection Agency (EPA) drinking water regulation for
chlorides] is usually considered undesirable for domestic use. In addition,
water with chloride concentrations in excess of 50 mg/L is unsatisfactory for
some industrial uses (White, 1993). The zone in an estuary where chloride
concentrations equal or exceed 250 mg/L is commonly known as the salt front.

Salinity in the Delaware River at any location is dependent on the
distance from the ocean, the freshwater flow of the river, the quantity of
salty water moving upstream from the ocean, the stage of the tide, and the
range of the tide (Cohen, 1957). 1In general, salinity increases downstream
from very low values near Philadelphia, Pa., and Camden, N.J., to seawater
concentration at the mouth of the Delaware Bay.

The Delaware River Basin Commission (DRBC) tracks and controls
salinity levels in the Delaware River (Hull and Titus, 1986). Salinity level
is controlled by regulating the flow of freshwater in the river by releasing
water from various reservoirs and limiting consumption in times of drought
(Hull and Titus, 1986). The annual mean chloride concentration at the
Delaware Memorial Bridge (river mile 68) for a year with average precipita-
tion could be about 530 mg/L, and a wet year mean could be about 200 mg/L
(Apgar, 1979). The most severe drought of record was that of the 1960°‘s.

The annual mean chloride concentration at the Delaware Memorial Bridge for
1965 was about 1,230 mg/L. The salt front, located on average at river mile
69 (south of Wilmington, Del.), advanced up the estuary as far as river mile
102, just above the Benjamin Franklin Bridge in Philadelphia (Hull and Titus,
1986). During the 1960°‘s drought, saltwater recharged the Potomac-Raritan-
Magothy aquifer system, from which water supplies for Philadelphia and Camden
are withdrawn (Hull and Titus, 1986). Elevated chloride levels persisted in
the aquifer system for more than 10 years. Since that time, the DRBC has
used this drought as the basis for water-supply planning, with the goal that
the maximum salinity measured in the river during the drought will not be met
or exceeded under current conditions.
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Advance and retreat of salinity in the river occurs seasonally and
daily as the result of freshwater inflow to the river and the range and stage
of the tide. During summer and early fall, freshwater inflow is generally at
a minimum and sea level is at a maximum--conditions favorable for the advance
upstream of more saline water. The daily tidally-generated variations in
salinity are locally and regionally significant (DiLorenzo and others, 1993).
For example, salinity measurements taken in 1956 at the Reedy Island jetty,
located in the river between the C&D Canal and the Appoquinnimink River,
ranged between about 80 and 5,500 mg/L (Cohen, 1957).

Dissolved Chloride Concentrations in Ground Water

Phillips (1987) established a well network based on that of Martin and
Denver (1982) to sample chloride concentrations and water levels in the area
between the C&D Canal and the Christina River. Phillips found areas of
brackish river-water intrusion into the Potomac aquifers in the vicinity of
the ICI, New Castle, Crown Zellerbach, and Llangollen Estates well fields.

Part of Phillips’ well network has been sampled at intervals for
chloride concentrations by DNREC since 1979 (table 5, fig. 4). Chloride
levels show no apparent trends and have been well below the 250 mg/L EPA
drinking water regulation, except in wells Cd 43-03 and Cd43-04 in the ICI
well field (figs. 4 and 14). Phillips’ data indicated that pumpage at the
ICI well field had caused a cone of depression in the middle Potomac aquifer.
Consequently, the hydraulic head in the Columbia aquifer under the Delaware
River (just south of section A-A’, shown in fig. 4) fell below sea level. As
a result, brackish water infiltrated downward from the river and was drawn
toward the cone of depression, entering the Potomac aquifer where the con-
fining unit is thin or nonexistent. The increased chloride concentrations in
the ICI well field have persisted, although they were somewhat lower by 1989
than they were in the late 1970‘s. Farther south, in the Llangollen well
field (fig. 14), another area of river-water infiltration has occurred
(Phillips, 1987). Chloride concentrations in well Dc24-18 averaged about 62
mg/L between 1991 and 1993, slightly higher than the 55 mg/L average chloride
concentration for this well between 1978 and 1985.

Water levels in the well network have not generally been measured. No
other systematic collection of chloride-concentration data or routine water-
level measurements have been conducted in the Potomac aquifer system. Low
demand for public ground-water supply in the socuthern half of the study area,
combined with the relative thinness of the aquifers, have resulted in a lack
of records of chloride concentration or water levels in this area.
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Table 5. Chloride-concentration data for selected wells in northern and central New Castle County, Delaware-

[Source: Delaware Department of Natural Resources and Environmental Control and U.S. Geological Survey.
< = less than; -- = data not available]

Concentrations of chloride, in milligrams per liter

Site name and corresponding State identification number

New
Castle School Texaco

Date . Castle Jefferson Castle Basin House Texaco #10a James

Hills 1 Farm Hills 3 Road Lane #10 Permit Delaware River

Cd52-15 Cd51-14 Cd52-28 Cd51-08 Cc55-17 Dc51-04 #53065 Ecl15-27 Corp*

oA

1985 Fall -- -- - -- - 12.8 -- -- --
1986 Spring 22.5 -- 22.5 16.3 -- 17.2 -- -- --
1986 Fall 24.6 14.7 24.6 -- -- 18.4 -- -- --
1988 Spring 15 17 20 20 12 16 -- -- 37
1988 Fall 21 15 31 16 13 17 -- -- 61°
1989 Spring 20.8 14.5 36.1 19 11.3 10 -- -- 59
1989 Fall 11 10 17 13 7 10 -- -- 34
1990 Spring 23 2.5 35 25 14 14 -- -- 77
1990 Fall 31 2.5 15 14 60 8 -- -- 20
1991 Spring 21 20 29 25 13 15 -- -- 69
1990 April 23 -- 35 -- -- ~- -- -- --
1990 October 31 -- 19 14 -- -- -- -- --
1991 November 30 19 -- 28 12 17 -- -- --
1992 July 18 16 -- -- 6 12 -- -- 38
1993 January 22 -- -- 42 14 15 -- 9 74
1993 October 23.1 21.8 -- 46.3 14.2 ~- 5.8 9.5 79.3

* No State identification number available for this site

Concentrations of chloride, in milligrams per liter

Site name and corresponding State identification number

Date Llangollen Llangollen Llangollen National Artisans Texaco
#3 G3 #7 Guard 1 Village 1 #16
Dc23-09 Dc24-18 Dc24-41 Dc34-07 Dc33-07 Ec13-06
1979 Fall 65 -- -= -- -- --
1980 Spring 75 -- 30.3 - -- 7
1980 Fall 52 -- 33 -- -- 7
1981 Spring 48 -- 54 -- 81 5
1981 Fall 48 -- 36 -- 6 6
1982 Spring 47 -- 47 -- 10 19
1982 Fall 50 -- -- -- 7 7
1983 Spring -- -- -- -- 8 7
1983 Fall 33 -- 48 -- 8 -
1984 Spring == - -- -= 13 -
1984 Fall -- -- -- -- 10 --
1985 Spring -- -- -- -- -- 4.9
1985 Fall 51.6 -- -- -- 11 --
1986 Spring 50.9 -- 12.1 5.1 10.8 11.7
1986 Fall -- -- 13.4 -- 12.8 8
1988 Spring 2.5 -- 55 7 15 9
1988 Fall -- -- 14 9 15 2.5
1989 Spring -- -- 12.9 8 15.1 2.5
1989 Fall 10 -- 8 2.5 10 2.5
1990 Spring 15.5 -- 15.5 10 17 S
1990 Fall 15 == 15 9 63 4.9
1991 Spring 67 -- 13 7 13 16.5
1991 November - 65 16 -- 16 --
1992 July -- 57 13 -- 11 -=
1993 January -- 59 14 -- 15 --
1993 October -~ 67.2 16 -- 15.2 -



Table 5. .Chloride-concentration data for selected wells in northern
and central New Castle County, Delaware--Continued

Concentrations of chloride, in milligrams per liter

Site name and corresponding State identification number

Date ICI #9 ICI #10 ICI #12
Cd43-03 Cd43-04 Cd44s-14
1967 375.9 241.1 --
1968 302.6 231.4 --
1969 270 215.5 --
1970 230.2 242 .4 --
1971 368.1 212.5 --
1972 385.3 145.3 --
1973 695.4 114.2 13.6
1974 596 103 14.2
1975 511.6 416.5 43.7
1976 709.8 672 21.8
1977 670.3 485.5 30.3
1978 413.5 409 .4 21.1
1979 218 396.8 11
1980 319 429 --
1981 291 329 25
1982 239.5 277 7
1983 105 175 6
1984 254 .5 245 9
1985 207 125 4
1986 184 62 S
1987 179 91 6.5
1988 137 65 23
1989 158.5 104 8
1990 176 325 12
1991 November -- 145 14
1993 January - - 5
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